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Method for control of a diesel -engine motorization 

system and nitrogen oxides trap. 

The invention relates to a method for control of a diesel- 
engine motorization system equipped with a nitrogen oxides trap, 
particularly when the system is also equipped with a particle- 
filtration unit. 

By virtue of ant i -pollution standards, the motorization 
systems of vehicles are now equipped with cleaning lines. In such 
a line, a nitrogen oxides trap has the purpose of capturing 
nitrogen oxides in the exhaust gases of an internal combustion 
engine. For a diesel engine, the cleaning line can be augmented 
by a particle filter. It even is envisioned to provide a cleaning 
device that integrates both functions. 

As regards the operation of the nitrogen oxides trap with a 
diesel engine, it is known to make the engine operate cyclically 
in such a way that the exhaust gases are reducing agents, for 
purging the nitrogen oxides trap. This operation is described in 
European Patent 560991, for example. 

During normal operation, combustion in a diesel engine takes 
place with excess air. Consequently, nitrogen oxides are formed, 
and these are captured and stored by the nitrogen oxides trap. 
Since the storage capacity is limited, however, it is necessary 
to purge the nitrogen oxides trap at regular intervals, which is 
achieved by the operation generating reducing gases. This 
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operation is also known as rich-mixture operation. In this phase, 
the exhaust gases contain unburned hydrocarbons, carbon monoxide 
or hydrogen, which will react with the nitrogen oxides stored in 
the nitrogen oxides trap in order to eliminate them. 

To achieve this operation, European Patent 560991 proposes, 
for example, a throttle valve in an intake conduit, so that the 
quantity of air admitted into a combustion chamber can be reduced 
and a supplementary quantity of fuel can be injected, in order 
that combustion takes place under rich-mixture conditions. 

During the change to rich-mixture operation, however, it is 
desirable that the torque delivered by the engine remain 
substantially constant, so that the operator does not have to 
readjust the torque demand during the transition. 

It is therefore one objective of the invention to provide a 
method for control of a diesel -engine motorization system 
equipped with a nitrogen oxides trap, so that the engine delivers 
identical torque even during the transition to the phase of 
regeneration of the nitrogen oxides trap. 

With this objective in mind, the object of the invention is 
a method for control of a motorization system comprising a diesel 
engine, an air- intake circuit and an exhaust circuit for exhaust 
gas originating from the engine, the intake circuit being 
provided with adjusting means for controlling the flow of air 
entering the engine and the exhaust circuit being provided with a 
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nitrogen oxides trap for storage of the nitrogen oxides contained 
in the exhaust gases, according to which method a regeneration 
mode takes place in order to regenerate the nitrogen oxides trap 
by supplying reducing exhaust gases. 

According to the invention, an air- flow index value 
corresponding to the operating point of the engine is determined 
during the regeneration mode, the adjusting means are instructed 
to obtain an air flow close to the index value, and a primary and 
secondary injection of fuel are performed, the secondary 
injection being adapted so as to maintain the exhaust gases in 
the reducing state. 

Thus the desired torque can be obtained substantially by 
determination of the primary injection, while the richness of the 
exhaust gases is consequently adjusted by the quantity of fuel 
injected during the secondary injection. The primary injection is 
performed when the piston is close to the top dead point, whereas 
the secondary injection is performed when the piston has largely 
passed the top dead point, for example when the crankshaft has 
undergone a rotation on the order of 60° after the said top dead 
point, during the expansion phase. 

In the case of a cleaning line containing, for example, a 
particle filter, a variable exhaust back-pressure is observed in 
the cleaning line. Consequently, even with a predetermined air 
flow and quantity of fuel, the delivered torque varies as a 
function of this exhaust back-pressure. In effect, this back- 
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pressure increases, in particular, the resistance to escape of 
the burned gases, and therefore the resistance opposing a piston 
during the exhaust phase. 

At a determined operating point, the air-flow index value 
remains constant. However, when the back-pressure rises, it is 
necessary to increase the quantity of fuel in the primary 
injection in order to maintain the torque, even in the presence 
of constant air flow. The quantity of fuel in the secondary 
injection will therefore be diminished, in order to maintain the 
same richness level of the exhaust gases. It is observed in this 
case that the quantity of smoke emitted increases, this increase 
being due to the drop in temperature of the gases at the end of 
the exhaust phase and to the ensuing weakening of post -oxidation 
reactions of the smoke. 

Another objective of the invention is therefore to improve 
the motorization system so that the engine delivers identical 
torque even in the presence of a variable exhaust back-pressure, 
and without increasing the level of smoke emission. For that 
purpose, when the motorization system is provided with an 
accessory that generates a variable back-pressure in the exhaust 
circuit, the air- flow index value is preferably incremented 
together with the said exhaust back-pressure. 

In this way, when the air flow is increased, the torque 
losses due to the load imposed by drawing in air are diminished, 
thus making it possible to reduce the quantity of fuel in the 
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primary injection. In addition, to maintain the richness of the 
exhaust gases, the quantity of fuel in the secondary injection is 
increased, thus raising the temperature of the gases at the end 
of the expansion phase. In this way, afterburning of the smoke is 
improved. 

In the case of an exhaust line provided with a particle 
filter, the air-flow index value is corrected by a factor that is 
a function of the operating point and of the degree of loading of 
the particle filter. 

In a particular case, the degree of loading of the particle 
filter is evaluated by the exhaust-gas flow passing through it 
and by the pressure difference between the inlet and outlet. 

According to another case, the degree of loading of the 
particle filter is evaluated by measuring the pressure upstream 
from the particle filter relative to the exhaust-gas flow. 

The invention will be better understood and other features 
and advantages will become clear by reading the description 
hereinafter with reference to the attached drawings, wherein: 

Fig. 1 is a schematic view of a motorization system 
according to the invention; 

Fig. 2 is a diagram showing the evolution of fuel and air 
flows as a function of the exhaust back-pressure in a first 
embodiment of the invention; 
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Fig. 3 is a diagram showing the evolution of the quantity of 
smoke emitted as a function of the exhaust back-pressure in 
the first embodiment; 

Fig. 4 is a diagram similar to Fig. 2 for a second 
embodiment of the invention; 

Fig. 5 is a diagram similar to Fig. 3 for the second 
embodiment of the invention. 

An inventive motorization system such as represented in Fig. 
1 is provided with an engine 1 of diesel type supercharged by a 
turbocompressor 2, wherein the exhaust gases are treated by a 
nitrogen oxides trap 3 then by a particle filter 4. The engine is 
supplied with air by an air circuit comprising an air inlet 11, a 
compressor 12 of turbocompressor 2, a discharge conduit 13 and an 
intake pipe 14 leading into the combustion chambers of engine 1, 
a single chamber 15 being shown. For each combustion chamber 15, 
the engine is provided with an injector 2 0 for delivering fuel 
into chamber 15 according to a sequence determined by control 
means 24 . 

The exhaust gases produced by combustion are evacuated from 
chamber 15 by an exhaust pipe 16, and they pass through a turbine 
17 of the turbocompressor, then nitrogen oxides trap 3 and 
particle filter 4 . An exhaust-gas recycling circuit is provided 
with a branch connection 18 on the exhaust pipe, a valve 19 
permitting passage of exhaust gases to the discharge conduit via 
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a conduit 21 . 

A valve 22 is interposed in the air circuit between the 
outlet of conduit 21 and the inlet of intake pipe 14. Valve 22 
makes it possible to vary the cross section for passage of air 
between completely open and partly throttled condition. An 
actuator 23 acts on valve 22 to determine the degree of opening 
thereof. It receives an index value of opening position from 
control means 24 . 

Sensors deliver information streams to the motorization 
system. Among these sensors, a flowmeter 26 delivers an 
information stream about the intake air flow D as well as an 
information stream about the air temperature Tair. A richness 
sensor 28 provides an information stream about the richness X of 
the exhaust gases. A differential pressure sensor 30 measures the 
pressure difference DP between the inlet and outlet of particle 
filter 4 . All of these information streams are received by 
control means 24 . 

Control means 24 determine the index value of opening 
position and the f uel- inj ection sequence as a function of 
information streams received from the motorization system, such 
as those cited in the foregoing, and also the engine temperature 
Tmot, the rpm N of the engine, a value representative of engine- 
load demand a, such as the position of an accelerator pedal, and 
the atmospheric pressure Patm. 



WO 2005/003539 



8 



PCT/FR2004/001464 



During the normal operation of the engine, valve 22 is 
completely open, thus ensuring maximum air filling of the 
combustion chambers. The quantity of fuel injected in each cycle 
is such that the ratio between the mass of fuel and the mass of 
air is smaller than the stoichiometric ratio, thus corresponding 
to excess air. These conditions are also expressed by saying that 
the richness of combustion is lower than 1. The exhaust gases 
emerging from this combustion contain oxygen that was not 
consumed by combustion, meaning that the exhaust gases also have 
a richness of lower than 1. 

Under these operating conditions, it is observed that 
nitrogen oxides are formed in the burned gases, which oxides then 
are absorbed by nitrogen oxides trap 3. It will be possible to 
reduce the nitrogen oxides during operation in regeneration mode, 
in which the richness is higher than 1. 

Let us consider a motorization system with or without 
particle filter 4 . In a first embodiment of the invention, the 
regeneration mode is controlled by determining an index value for 
intake air as a function of the operating point of the engine, 
and valve 22 is adjusted such that the measurement of air flow D 
by flowmeter 2 6 corresponds to the index value determined in this 
way. At the same time, a quantity of fuel to be injected during a 
primary injection is also determined, to obtain a torque 
corresponding to the demand a, expressed for example by the 
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position of the accelerator pedal. 

To obtain exhaust gases having richness higher than 1, the 
primary injection is supplemented by a secondary injection. The 
quantity of fuel during the secondary injection is determined by 
a regulator that compares an index value of richness and a 
measurement X of richness sensor 28. 

The index value of air flow is determined, for example, by 
means of a map that takes into account the engine rpm N, the 
demand a, the engine temperature Tmot, the air- intake 
temperature Tair and the atmospheric pressure Patm . 

In the case of a motorization system having a particle 
filter 4, the exhaust back-pressure CPE evolves as a function of 
the degree of loading of particle filter 4. The diagram of Fig. 2 
shows the evolution of the quantities Q of fuel injected along 
with the evolution of the said back-pressure CPE, for a given 
operating point. Curve 40 represents the quantity Qp of fuel 
injected during the primary injection, curve 41 represents the 
quantity Qs of fuel injected during the secondary injection and 
curve 42 represents the intake air flow D. 

Since the operating point is constant, the air flow does not 
evolve as a function of the exhaust back-pressure CPE. In 
contrast, to maintain the torque delivered by the engine constant 
when the back-pressure CPE evolves, the primary quantity Qp of 
fuel is adjusted, for example by an action of the operator on the 
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accelerator pedal. As a consequence, the richness regulator must 
then decrease the secondary quantity Qs of fuel. By means of 
curve 44, Fig. 3 shows how the quantity of smoke emitted 
increases with elevation of the back-pressure CPE. 

In a second embodiment, preferred to the first, the index 
value of air flow is calculated by taking into account the degree 
of loading of the particle filter. For example, a correction is 
added to the calculation of the index value according to the 
first embodiment, as a function of the pressure difference DP 
between the inlet and outlet of the particle filter and a 
traditional estimate of the exhaust-gas flow. 

The diagram of Fig. 4 shows the evolution of the quantities 
Q of fuel injected along with the evolution of the said back- 
pressure CPE for a given operating point. Curve 50 represents the 
quantity Qp of fuel injected during the primary injection, curve 
51 represents the quantity Qs of fuel injected during the 
secondary injection, while curve 52 represents the intake air 
flow D. It is observed that the air flow increases with the 
exhaust back-pressure CPE, while the quantity Qp in the primary 
injection remains constant, in order to maintain a constant 
torque. To maintain the richness of the exhaust gases constant, 
the quantity of fuel in the secondary injection must increase, as 
shown by curve 51 of Fig. 4. By means of curve 54, Fig. 5 shows a 
decrease in the quantity of smoke emitted with elevation of the 
back-pressure CPE . 
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The invention is not limited to the foregoing embodiments, 
which were described by way of examples. It will be possible to 
combine the nitrogen oxides trap and the particle filter in a 
single device. It will be possible to measure the back-pressure 
CPE directly upstream from turbine 17 or upstream from the 
particle filter and to take it into account in the calculation of 
the index value of air flow. 



